Consider the nonlinearly constrained network flow problem (NCNFP)
where:
• The set F is
where A is a node-arc incidence m×n-matrix, b is the production/demand m-vector, x are the flows on the arcs of the network represented by A, and x are the capacity bounds imposed on the flows of each arc.
• The side constraints c(x) ≤ 0 are defined by c : n → r , such that c = [c 1 , · · · , c r ] t , where c i (x) is either linear, or nonlinear and twice continuously differentiable on the feasible set F for all i = 1, · · · , r.
• f : n → is nonlinear and twice continuously differentiable on F. We focus on the primal problem NCNFP and its dual problem
where the Lagrangian function is
and M = {µ | µ ≥ 0, q(µ) > −∞}. We assume throughout this paper that the constraint set M is closed and convex, q is continuous on M, and for every µ ∈ M some vector x(µ) that minimizes l(x, µ) over x ∈ F can be calculated, yielding a subgradient c(x(µ)) of q at µ. We propose to solve NCNFP by using primal-dual methods (1).
The minimization of the Lagrangian function l(x, µ) over F can be performed by means of efficient techniques specialized for networks (10) .
Since q(µ) is approximately computed, we consider approximate subgradient methods (4; 5; 6) in the solution of this problem. The basic difference between these methods and the classical subgradient methods is that they replace the subgradients with inexact subgradients.
An approximate subgradient method is defined by
where c k is an approximate subgradient at µ k , The convergence of these methods was studied in the cited papers for the case of exact subgradients. The convergence of some of these approximate subgradient methods has been analyzed in (5; 6) (see also (4) ).
In this work we put forward some basic convergence results when c k is an approximate subgradient, which extend similar results obtained by Shor (9) for exact subgradients. Moreover, we compare the quality of the computed solution and the efficiency of the approximate subgradient methods when using CSR, VCSR, DSRS, DSR, and DSAP over NCNFP problems.
